5. APPLICATION OF DOT RESOURCE ALLOCATION PROCEDURE

5.1 DOT ACCIDENT AND CASUALTY PREDICTION FORMULAS

5.1.1 Manua! Calculation of Predicted Accidents and Casualties

If the number of predicted accidents or casualties is required for a few crossings, a

convenient manual procedure can be used, employing the formula tables presented in

Sections 3.2 and 3.3. Manual use of the DOT accident and casualty prediction formulas is

illustrated in the following example. Characteristics of the hypothetical crossing for

which the number of predicted accidents and casualties is to be determined are shown in

Table 5-1.

TABLE 5-1, CHARACTERISTICS OF SAMPLE CROSSING
CHARACTERISTIC VALUE
Present warning device Crossbucks
Annual average daily highway taffic (c) 350
Total number of train movements per day (t) 15
Total number of thru trains per day (tt) 10
Total number of switch trains per day (ts) 5
Number of main tracks (mt)

Total number of tracks (main and other} (tk)

Number of thru trains per day during daylight (d)

Highway paved? (hp) yes
Maximum time table speed, mph (ms) 40
Number of highway lanes (hi) 2
Urban - rural location (ur) Rural
Number of years accident data, T 5
Number of accidents, N, in T years 2
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First, the basic formula (1) is used to determine the unnormalized prediction (a):
a=K xEI xDT x MS x MT x HP x HL
where!

a = unnormalized initial accident prediction

K = constant

EI = factor for exposure {product of highway and train traffic)
DT = factor for number of thru trains per day during daylight
MS = factor for maximum timetable speed

MT = factor for number of main tracks

HP = factor for highway paved (yes or no)

HL = factor for number of highway lanes

The basic formula factor values (K, EI, DT, MS, MT, HP, and HL) can be determined
from Table 3-2 for passive crossings, using the crossing's characteristics listed in Table
5-1:

K = 0.0006938
El = exposure index factor value for the product of 350 average daily highway
vehicle and 15 total train movements per day {c x t = 5250) = 42.39

DT = 1.79
MS = 1.36
MT = 1.00
HP = 1.00
HL = 1.00

Substituting the factor values into the basic formula yields:
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a =K xEIxDT x MS x MT x HP x HL
= 0.0006938 x 42.39 x 1.79 x 1.36 x 1.00 x 1.00 x 1.00
= 00072

The value of (B) is determined by combining the unnormalized prediction (a) with the
crossing's accident history using Tables 3-5 through 3-9, which are developed from
equation (2a). For the sample crossing, two accidents (N) occurred over the past 5 years
(T); therefore, Table 3-9 is used. With an unnormalized accident prediction {(a = 0.072)
between 0.07 and 0.08, it can be seen from Table 3-9 that the value of B will be between
0.194 and 0.206. A reasonable estimate of {B} can be determined by linear interpolation
to be B = 0.196. Thus, from equation (2b), since this is a passive crossing, the final

accident prediction (A) is:

A = .8644 x .196
= 0.169 accidents per year

To determine the number of fatal accidents at the sample crossing, the fatal
accident probability is first obtained using equation (3):

P(FAJA) = 1/(1 + KF x MS x TT x TS x UR)
where: KF = formula constant
MS = factor for maximum timetable train speed
TT = factor for thru trains per day
TS = factor for switch trains per day
UR = factor for urban or rural crossing

The factor values for the fatal accident probability formula can be determined from Table

3-12 using the sample crossing characteristics from Table 5-1:

KF = 440.9
MS = 0.025
TT = 0.811
TS = 1.169
UR = 1.000
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Substituting the factor values into the fatal accident probability formula yields:

P(FAIA) = 1/(1 + KF x MS x TT x TS x 1112)
= 1/(1 + 440.9 x 0.025 x 0.811 x 1.169 x 1.000)
= 0,087 probability of a fatal accident given an accident

The fatal accident probability is then multiphed by the predicted accidents,
computed above using equation (2), to obtain the predicted number of fatal accidents from
equation (5) for the sample crossing:

FA = P(FAJA) x A
= 0.087 x 0.169

= 0.015 fatal accidents per year

To determine the number of casualty accidents at the sample crossing, the casualty

accident probability is first obtained using equation {4):

P(CA}A) = 1/(1 + KC x MS x TK x UR)
where: KC = formula constant
MS = factor for maximum timetable train speed
TK = factor for number of tracks

UR = factor for urban or rural crossing

The factor values for the casualty accident probability formula can be determined from

Table 3-13 using the sample crossing characteristics from Table 5-1:

KC = 4.431
MS = 0.282
TK = 1.259
UR = 1.000

Substituting the factor values into the casualty accident probability formula yields:
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P(CIAJA)= 1/(1 + 4.48] x 0.282 x 1.259 x 1.000)

= 0.386 probability of a casualty accident given an accident

The casualty accident probability is then multiplied by the predicted accidents,
computed above using equation (2), to obtain the predicted number of casualty accidents

for the sample crossing from equation (6):

CA =P(CAlA)x A
= 0.386 x 0.169

= 0.065 casualty accidents per year

The combined casualty index (CCI) is obtained from equation (3) for the sample

crossing:
CCI=(k-1)x FA + CA
where: k= fatality factor selected by user

FA
CA

fatal accidents per year from equation (5)

casualty accidents per year from equation (6)

Substituting a value of 50 for k and the above values for FA and CA, the combined

casualty index formula yields:

CCI = 49 x 0.015 + 0.065
= 0.80

5.1.2 Computer Program for Calculation of Predicted Accidents and Casualties

This section describes procedures for using the DOT accident and severity prediction
formula computer program to obtain the number of predicted accidents or casualties per
year for large numbers of crossings, and to list the crossings ranked by number of
predicted accidents or casualties. Complete information for making the computer runs is
supplied, provided the required input data are available and are in the format specified
here. Modifications can be made to the programs to accept a different format. Data in
the format specified here can be obtained from the Federal Railroad Administration,
Office of Safety Analysis.
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A SAS computer procedure called ACPD.NEW is written to generate accident and

severity prediction listings. The program listing for ACPD.NEVW is contained in Appendix

A-1. The program executes a number of data steps which accomplish the following

subtasks:

C.

d.

Data Subsetting

From the data set comprising all the grade crossings, select the set of crossings

for which accident prediction is to be made and ranked.

Accident and Severity Prediction

Compute basic predicted accidents (H) for every selected crossing based on its
warning device type. Using the appropriate severity prediction formula,

compute the predicted accidents or fatal accidents or combined casuality index.

Report Printing

Execute the specific report generating procedure depending on the severity

measure selected earlier. This procedure prints the following reports:

(1) Listing of grade crossings sorted by rank,

(2) Listing of grade crossings sorted by crossing IDs.

Summary Printing

Execute the summary data step which prints the input data as well as run time

summary.

The Accident and Severity Prediction subtask is divided into three sections. The

first section, calculates the basic number of predicted accidents (H) for a crossing. The

program uses one of three different equations to make this calculation. The equation used

is dependent on the warning device classification of the current crossing, For warning

device classes 1-4 the Crossbucks (passive device) equation is used, classes 5-7 the

Flashing Lights equation is used, and for class 8 the Gates equation is used,
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The basic accident prediction formula computes the initial predicted accident rate
for each crossing on the basis of the crossing's current warning device class. lf, during the
last 5 years, a change in warning device took place, the formula computes the basic
predicted accidents on the basis of the previous warning device class and then makes an
adjustment to the predicted accidents using the appropriate effectiveness factor (see
Tables 4-7 and 4#-8) to account for the influence of the warning device change. For
individual crossings, this procedure more accurately determines the short term (less than
5 years) change in the crossing's accident rate than use of the basic formula for the new
warning device. For example, if a passive crossing was upgraded to gates in the last 5
years, the passive (Crossbucks) formula would be used and the result would be multiplied
by the effectiveness factor for gates (1.0 - the effectiveness of the upgrade to gates) to
obtain the initial predicted accidents for the crossing with gates. Similarly, the predicted
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Examples of the output of ACPD.NEW program are shown in Figures 5-1 through
5-9. This output represents three separate calculations. Figures 5-1, 5-2, and 5-3 are for
predicted accidents, Figures 5-4, 5-5, and 5-6 are for predicted fatal accidents. Figures
5-7, 5-8 and 5-9 are for combined casualty index. The first part of each set of the three
outputs define the parameters of the crossings listed. The second part is the ranking by
predicted accidents computed on the basis of the desired severity measure. All parameter
values used in the computation of predicted accidents and severity prediction are included
th the output. The third part presents the list of crossings sorted by crossing ID. This

therd part enables users to find o crossing on the ranked list (second part) when only the

crossing 1Y 1 known,
2.2 COMPUTER PROGRAM FOR RESOURCE ALLOCATION MODEL

This section describes the computer program for the resource allocation model
discussed in Section 4. The model is run by a SAS computer procedure called
RESAL.NEW. The program listing for RESAL.NEW is contained in Appendix B. The

program executes a number of data steps to accomplish the following subtasks:

a. Data Subsetting

From the dataset comprising all of the rail-highway crossings, select the
set of non-gate crossings for which accident prediction is made and for which
the available budget is to be allocated.

b. Accident and Severity Prediction

Compute basic predicted accidents (H) for every selected crossing using
the passive or flashing lights formula. Using the appropriate severity formula,
compute the predicted accidents or fatal accidents or combined casualty index.

¢. ldentify the Crossings for Stop Signs

Check eligibility of each crossing for stop signs. If it meets the criteria,
assign the "yes" attribute to the crossing.
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d. Accident Reduction to Cost Ratio

Compute accident or severity reduction to cost ratio and, using this as the

key value, sort the set in descending order.

e. Resource Allocation

Execute the resource allocation data step, and allocate the new class to all
candidate crossings. Compute benefit/cost ratio, cumulative cost, cumulative

accident benefit, and decision criteria.

f. Report Writing

Execute one of the three report writing procedures to print a report,
depending on the selected severity measure. Each procedure prints the

following report in three or four parts:

1. List of crossings and associated data items sorted by accident reduction to

cost ratio. (See Figure 5-10).

2. Set of crossings as listed above along with subset parameters sorted by
crossing IDs. (See Figure 5-11).

3. List of crossings eligible for stop signs. (See Figure 5-12).
4. Summary Report (See Figure 5-13).

g. Summary Printing

B T

Execute the summary data step which prints the input data as well as

number of crossings analyzed. (See Figure 5-13).

s

The calculation of the accident ot severity reduction/cost ratio for each crossing
depends on the crossing's current warning device and the number of tracks at the crossing.

If the crossing already has gates (warning device class 8), it is deleted from consideration.
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If the crossing has flashing lights or other active devices (warning device classes 5, 6
and 7), an accident or severity reduction/cost ratio (ACR/C) for upgrading to gates is

calculated according to the equation:
ACR/C = AC (EFFECT3/COST3)

where AC is either the number of predicted accidents, the number of fatal accidents, or
the combined casualty index for the crossing from the accident and severity prediction
formulas, and COST 3 and EFFECT3 are the cost and effectiveness of the upgrade, as
discussed in Section 4. It is important to note here that, if the user has chosen to
implement standard effectiveness values throughout the resource allocation model,
EFFECT]- simply represents the single effectiveness value for a crossing upgrade.
However, if extended effectiveness values are in use, EFFECTj can have one of four
values depending on the crossing's number of trains and tracks (see Section 4.2.5 on

extended effectiveness values).

If the crossing is passive (warning device classes 1-4) but has multiple tracks, an

accident or severity reduction/cost ratio for upgrading to gates is calculated according to

equation:
ACR/C = AC (EFFECTZICOSTZ)

This forces gates to be installed at multiple track passive crossings in accordance with
Federal guidelines. 1f the crossing is passive but has only one track, an accident or
casualty reduction/cost ratio is calculated for upgrading to flashing lights according to

the equation:
ACR/C = AC (EFFECT{/COST})

The incremental accident or severity reduction/cost ratio equation for installing a gate at

the passive crossing is shown below and is calculated in the Resource Allocation Subtask:

ACR/C = AC (EFFECT2-EFFECT )/(COST5-COST})
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In the case where EFFECT»/COST> is greater than EFFECT|/COST|, the program

calculates a ratio given by the equation:
ACR/C = AC (EFFECT/COST>).

This applies to all passive crossings, regardless of the number of tracks. In this case, the
installation of gates is always more cost-effective than installation of flashing lights. The
program does not calculate the incremental accident or casualty reduction/cost ratio in
this case. For convenience of storage, all accident or casualty reduction/cost ratios are

multiplied by 106; i.e., they are expressed in accidents per year per million dollars.

In addition to calculating the accident or severity reduction/cost ratio for each
crossing, RESAL.NEW also determines if a crossing is a possible candidate for standard
stop signs. For a crossing to qualify for consideration for standard stop signs, it must

meet the following criteria:

1. Total trains per day greater than 10

2. No existing standard stop signs

3.,  Present warning device class less than 5

4. Crossing must be single track

5. For rural area crossings, the annual average daily traffic must be less than 400

6. For urban area crossings, the annual average daily traffic must be less than
1500

7. Crossing must be local highway type.

The set of crossing for which the incremental values of accident or severity
reduction/cost ratios were calculated and stored separately are now appended with all the
other crossings being analyzed and are sorted with respect to accident or severity
reduction/cost ratio in descending order. From this set, only the top few crossings which

can be upgraded within the given budget value are retained.

This new, expanded set may have some duplicate crossings. This is due to the fact
that some passive crossings which were initially upgraded to flashing lights have now
qualified to be considered for upgrade to gates. For all such crossings, the new values of

upgrade cost, accident or severity reduction/cost ratio, and accident benefit are
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computed by adding the incremental values of the parameters to their earlier values
computed as upgrade to flashing lights. These crossings are assigned the new upgrade
category of gates. The new set of crossings are once again sorted by accident or severity
reduction/cost ratio in descending order.

Finally, the Resource Allocation subtask calculates the decision criteria and
generates the output in a report format. The decision criteria, DC|, DC2, DC3, and DCy,
are calculated from equations (12), (13), (14), and (15), respectively, described in Section
4.2,6. 1f the crossing being considered is passive, single-track, the program calculates

DC| and DC2. If the crossing is passive, multiple-track, DC3 is calculated. If the
crossing has flashing lights, DCy is calculated.

The report generating procedures produce the following four reports for the selected
severity measure:

- Resource allocation report sorted by accident and severity reduction/cost ratio.
- Resource allocation report sorted by crossing ID.
- Report for crossings that qualify for standard stop signs.

- Summary report for the run,

An example of the output from the resource allocation procedure is shown in Figures
5-10 through 5-13. The principal results of the program are given in Figure 5-10. This list
is sorted by benefit/cost ratio (fourth column from left) and the recommended new
warning device is given in the fifth colunm. Figure 5-11 gives the crossings sorted by
crossing ID and also shows other Inventory data. Figure 5-12 lists the {(two) crossings that
meet the criteria for standard stop signs. These two crossings contained "YES" in the

right-most column in Figure 5-10. The input parameters to the program are given in
Figure 5-13.
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